Recent studies of non-halogenated cyclic carbon solvents have shown little evidence of hepatotoxicity,'-3 although these negative findings might be explained as a consequence of the incapacity of the existing screening procedures to detect liver changes at an early stage. In fact, the uncertainties regarding the evaluation of liver function have been underlined and the need for simple, non-invasive tests ofliver function has been emphasised. 4 Recently, a relatively new test of hepatic function, the measurement of serum bile acids, has been studied in workers occupationally exposed to a variety of chemicals (styrene,' vinyl chloride,69 and solvent mixture).6 10 During exposure to toluene and xylene at concentrations below the current TLV-ACGIH, we have studied the behaviour of serum bile acids in relation to environmental concentrations of toluene and xylene and to indices of internal dose (toluene and xylene in blood and urine) to evaluate the existence of the relation between exposure and effect.
Materiak and methods
A group of25 workers (mean age 42-3 years, age range 27-50) at a chemical factory producing varnishes and exposed mostly to toluene and xylene (mean exposure duration 10 years, range 5-15) were selected from among 30 subjects using the following criteria:
(1) exposure to solvents for at least two years; (2) daily ethanol consumption less than 50 g; (3) no history of hepatic disease; (4) no drug taken in the previous month.
The survey was performed on a Friday after four days at work. The environmental concentration of solvents in the breathing zone of each subject was measured by means of a personal passive sampler." Samples were analysed according to the methods previously described. '2 Urine was collected from the subjects at 0800 (immediately before the beginning of work) and at 1200 (at the end of the half-shift) to measure toluene and xylene concentrations. At 1200 a 10ml blood sample was taken from the antecubital vein from subjects who had been fasting from 0600 to assess toluene, xylene, and serum bile acid concentrations. Blood samples were also taken at 1200 from 25 controls who had been fasting from 0600 (mean age 44; age range 23-53) chosen from among unskilled workers using the above criteria but with no exposure to solvents or hepatotoxic xenobiotics.
Serum was separated within 20 minutes and kept at -20°C before analysis. Fasting levels of serum conjugated cholic acid (S-CCA) and serum conjugated chenodeoxycholic acid (S-CCDCA) were determined by an immunoenzymatic method (CCA and CCDCA Immunosystem, Sibar, Italy) in which unconjugated cholic and chenodeoxycholic acids had cross reactivities toward the CCA and CCDCA antisera of 5% and 7% respectively. The ratio of S-CCA to S-CCDCA was calculated.
From the fasting values of the 25 controls the upper limits of the reference range were expressed as the 90th percentile (1.4 nm/ml for S-CCA and 2-4 nm/ml for S-CCDCA). Statistical evaluation of the results was performed by the Wilcoxon rank sum test for unpaired samples and by x. Correlations between serum bile acids and solvents in air (C1), in blood (Cb), in urine (C.), and in urine expressed as the difference between the values observed at the end and at the beginning of the half shift (CU) were calculated.
Results and discussion
Median serum bile acid values increased in the exposed group but the differences were significant only for S-CCDCA and S-CCA/S-CCDCA (table 2) . Table 3 shows the prevalence of exposed and unexposed subjects with serum bile acid concentrations above the upper limit ofthe reference range. S-CCA, S-CCDCA, and the ratio exceeded the cut off value in 32%, 80%, and 96% of the exposed subjects, respectively. Correlation coefficients of serum bile acids concentration and their ratio, with solvents in air (CT), in blood (Cb), and in urine (C, and CLJ change from -0-24 to 0-19 but are not significant. As in previous reports12 a correlation was found between CT, CU, CI,, and Cb (r values between 0 64 and 0 94).
The measurement of serum bile acid concentrations (which is considered as a screening test for liver disease in clinical practice and in the general population'3) has been used to detect early signs of hepatic dysfunction in workers occupationally exposed to various xenobiotics."'0 The results regarding exposure to styrene are contradictory'8 but exposures to solvent mixture610 and vinyl chloride69 are uniformly associated Table 3 Prevalence ofsubjects with serum bile acids concentrations (S-CCA = conjugated cholic acid, S-CCDCA = conjugated chenodeoxycholic acid) above the upper limit ofthe reference range (1 4 nmol/mlfor S-CCA, 2-4 nmol/mlfor S-CCDCA, 1 67for their ratio). Statistical significance with x2 test.
S-CCA (nmol/ S-CCDCA S-CCA/S-CCDCA ml) (nmol/ml) Franco, Santagostino, Lorena, Imbriani with increased concentrations of serum bile acids. The present observations show that exposure to toluene and xylene produces a significant increase in S-CCDCA and in the S-CCA/S-CCDCA ratio. These observations might be explained by a change in hepatocyte function and, in particular, in one of the various steps involved in bile acid transport. Since the hepatic uptake of bile acids is a sodium dependent carrier mediated process, coupled to the sodium potassium pump (Na/K-ATPase),'4 xenobiotics themselves or their metabolites, or both, may be responsible for an impairment of this mechanism (or simply a competition with it). Even though this hypothesis is attractive, the lack of any relation between the indices of doses (environmental, urinary, and blood toluene and xylene) and serum bile acid concentrations remains to be explained.
The measurement of serum bile acid concentrations seems to be helpful in detecting early changes of hepatic function, even though it needs further validation before being used as an index of effect. 
